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FOREWORD 


This  publication  is  prepared  and  disseminated  for  the  specific  purpose  of 
providing  epidemiological  information  within  the  general  scope  of  the  Epidemio¬ 
logical  Services  of  the  USAF  Aerospace  Medicine  Program,  AFM  161-2,  dated  1 
October  1962  and  AFR  161-12,  dated  10  November  1964.  The  use  of  this  informa¬ 
tion  for  purposes  other  than  as  specified  theiein  relieves  the  authors  and  the  USAF 
of  responsibility  or  obligation.  Qualified  requestors  may  obtain  copies  of  this 
publication  from  DDC. 


This  work  was  accomplished  under  TUSLOG  Detachment  36  (Epidemio¬ 
logy)  Project  number  66-6,  the  purpose  of  which  is  to  conduct  field  studies  of 
all  those  epidemiological,  biological  and  sanitary  facets  of  infectious  hepatitis 
which  might  lead  to  morbidity  reduction.  This  study  has  been  an  activity  of  this 
unit  since  its  formation  in  1952.  (see  references  1  through  4) 
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William  D.  Phelps  USAF,  SSGT  William  K.  Nix  USAF  and  others  of  Detachment  36. 
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I  PURPOSE 

The  purpose  of  this  paper  is  to  summarise  our  conclusions  from  several  inves¬ 
tigations  of  hepatitis,  to  provide  a  guide  for  those  with  responsibility  regarding  wa¬ 
ter  supplies  and  to  attempt  to  establish  "a  priori"/' a  rule  of  thumb  for  the  lowest 
practical  water  chlorination  levels  to  prevent  water-borne  infectious  hepatitis  ,ia> 
among  personnel  to  whom  the  US  Air  Forces  overseas  provide  preventive  medical 
services  and  medical  care.  That  is,  to  establish  a  safe  point  between  the  conflict¬ 
ing  parameters  of  (a)  a  virucidal  action  of  chlorine  in  water  which  cannot  be  meas¬ 
ured  and  (b)  water  taste /acceptability  which  can  only  be  measured  subjectively. 

The  US  National  Academy  of  Sciences -National  Research  Council  has  formal¬ 
ly  stated  to  the  US  military  services  regarding  broad  overall  military  policy  that 
"the  NAS- NR C  do  not  consider  maintenance  of  a  residuaftifln  the  distribution  system) 
a  satisfactory  substitute  for  good  design,  construction  and  supervision  of  a  water 
....  system  "(Appendix  V  °*).  We  agree/mt^  as  the  NAS-NRC  recognizedjlocal 
difficulties  may  modify  this.  They  stated  "the  best  policy  to  follow  ....  is  to 
decide  ....  only  after  all  the  factors  pertinent  to  the  particular  local  situation  .... 
have  been  carefully  reviewed. "  Some  of  these  factors  particularly  regarding  a 
Mediterranean  area  are  reviewed  herein. 

A  variable  involved  in  the  conflicting  parameters  mentioned  is  the  quality  of 
the  source  water  prior  to  chlorination.  Hence,  we  deal  at  some  length  with  the 
factors  that  must  be  investigated  in  order  to  evaluate  the  quality  of  source  water 
for  our  purposes.  Other  variables  are  the  treatment  (other  than  chlorination) 
applied  to  the  water  and  contamination  within  the  water  system.  This  paper  deals 
largely  with  relatively  poor  quality  waters  that  receive  little  or  no  treatment 
other  than  chlorination. 


II  INTRODUCTION 

Infectious  hepatitis  is  undoubtedly  spread  at  times  by  tood^^)>  including 
food  handlers  W,  through  direct  contact  ^(particularly  between  children)  and 
perhaps,  rarely  by  flies  8,9).  bas  \ong  been,  and  is  still,  recognized  '*0, 
that,  in  the  military  situation,  water  transmission  and  the  resistance  of  the  virus 
sure  points  of  primary  interest.  A  study  and  review  of  the  factors  involved  in  water 
transmission  are  appropriate  at  this  time  due  to: 

a.  The  continuing  high  incidence  of  hepatitis  among  US  personnel  in  some 

overseas  areas. 


b.  The  continued  USAF  operation  in  areas  where  much  of  the  water  is  highly 
polluted  bacteriological^  In  view  of  primitive  sewage  disposal  methods,  this  con¬ 
tamination  is  probably  more  often  of  human  origin  than  in  U.S. 

c.  The  implication  that  high  USAF  overseas  rates  may  be  due  in  part  to  the 
"temporary  nature"  of  overseas  base  water  treatment.  Partly  in  order  to  conserve 
funds,  base  treatment  of  clear  water  (obtained  from  as  little  as  8  feet  below  the 
ground  surface)  is  sometimes  limited  to  chlorination.  Thia_has  been  true  even  though 
some  bases  have  been  used  by  US  forces  for  up  to  10  years'16  . 

An  attempt  is  thus  made  to  provide  a  review  and  interior  study  in  order  to 
assist  in  future  base  water  supply  planning,  design  and  operation  and  in  the  epidemi¬ 
ological  investigation  and  prevention  of  future  hepatitis  morbidity. 


Ill  MAGNITUDE  OF  THE  PROBLEM 

Infectious  hepatitis  morbidity  has  been  an  increasing  problem  in  the  U.S.  for 
a  number  of  years.  In  recent  years  the  peak  reported  U.S.  incidence  occurred  in 
1960-61,  (Figure  1)  <13>. 


FIGURE  I 

Morbidity  sad  Mortality  Weekly  Report 


In  the  USAF  overseas  this  disease  has  been  a  major  cause  of  communicable 
disease  morbidity  and  non-effectiveness.  °The  yearly  admission  rates  during 
1958-63  for  USAF  personnel  in  Japan  varied  between  0.‘6  and  1.2  admissions  per 
1000  strength  per  year  (Figure  2).  In  the  UK,  1963-66,  the  yearly  rate  varied 
from  0.  3  to  1.  3  andjjnonthly  rate  once  reached  5. 0  (Figure  3).  During  this  period 
the  4-weekly-U.S.  -civilian  rates  varied  between  0.07  and  0. 56 cases  per  1000 
per  year.  The  higher  rates  in  Japan  and  UK  could  well  be  explained  on  the  basis 
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of  more  complete  reporting  due  to  admission  of  almost  all  overseas  obvious  mili¬ 
tary  cases  to  military  hospitals. 

However,  Figures  2  through  4  demonstrate  that  in  other  less-well-developed 
overseas  areas,  USAF  rates  have  been  much  higiei:.  The  highest  areayearly  USAF 
rate  shown  is  for  Korea,  1963,  11.6  per  1000  strength.  The  actual  final  1963  Korea 
rate  was  12.1.  The  highest  individual  air  base  yearly  rates  shown  were  in  1963: 

Osan,  Korea,  15.  7  and  Tan  Son  Nhut,  RVN  13.1.  Far  East  rates  have  since  been 
considerably  altered  by  the  widespread  use  of  gamma  globulin  prophylactically  and 
rigorous  sanitary  measures  '  . 

USAF  rates  throughout  Europe  and  the  Middle  East  (U.S.  Air  Forces  in  Europe- 
USAFE)  have  been  lower  but  have  continued  at  endemic  levels.  That  similar  or 
higher  rate's  occur  among  dependents  is  seen  in  Attachments  1  and  2.  Gamma  globu¬ 
lin  in  the  USAFE  areas  has,  in  general,  only  been  used  for  the  immediate  contacts 
of  cases. 

Total  disease  incidence  data  is  more  difficult  to  obtain  and  is  less  reliable. 
Individual  USAF  bases  vary  between  each  other,  and  with  time,  regarding  whether 
or  not^hospitalize  mild  and  moderate  cases.  Therefore  minor  rate  differences 
between  bases,  or  with  time,  have  little  significance.  Comparisons  between  rates 
in  USAF  personnel  and  rates  among  dependents  are  almost  meaningless.  Neverthe¬ 
less,  the  fact  of  admission  to  hospital  gives  a  valid  "slice  of  the  problem"  for 
comparing  large  variations  and  sometimes  for  comparing  large  groups  of  bases. 

It  is  also,  in  general,  the  most  important  slice. 

In  1964  the  average  USAF  inpatient  with  infectious  hepatitis  with  no  other 
diagnosis  lost  34.7-39.2  days  (i  2  standard  errors)  from  duty  in  the  hospital 
This  disease  has  thus  been  a  source  of  major  concern  to  the  USAF  overseas  and 
many  investigations  of  outbreaks  or  of  high  endemic  incidence  have  been  conducted. 
Many  of  these  have  either  incriminated  water  supplies  or  caused  them  to  be  suspect 
(3,12,16)'  Recently  25  civilian  outbreaks  were  summarized  (Atch  3)^®^  It  will 
be  noted  that  the  bulk  of  the  cases  arose  from  public  chlorinated,  surface  water 
supplies.  The  largest  single  outbreak  was  in  India.  The  data  show  that  cross- 
connections  were  also  responsible  for  some  outbreaks. 

Our  findings  in  the  E.  Mediterranean/ Middle  East  area  serve  as  a  starting 
point  to  discuss  overseas  water  transmission  factors  and  control  measures. 


IV  WATER  SOURCE 

The  majority  of  USAF  bases  in  Turkey,  Greece,  Pakistan  and  Libya  obtain 
their  water  supplies  from  ground  water  sources  and  treat  the  water  by  chlorina¬ 
tion  only  (12,16-38).  Many  wells  are  located  off-base  in  river  flood  basins  in 
soil  strata  composed  of  sand,  gravel  and  clay.  An  example  of  a  well  of  this  type 
is  shown  in  Figure  5.  In  this  case,  the  static  water  level  is  approximately  8  feet 


6 


cig  js  o.:<:  i  ,>..,1  .  v.  ■  i.l  v.  i  m 

sui’M.-.R.sii’.Li; 


Strata-Der.c  ription 
of  Material 


To  T -connection  to 
main  water  line 


-  — ttT^1  8' 


'  ' -  <7  Ground  Surface 
_  _____  Static  Water  Level 


32  to  34* 

Mostly  medium  It 
course  sand  and  gravel 


1 1.5'  clay 


7.5'  sand 


21'  sand  strata 

and  clay  strata  alternating 


■In. pervious  Well  Casing 


.Pump  Casing 


Calculated  average 
drawdown  level 


Maximum  drawdow 
level 


Slot  Screen 


-Submersible  pump 


NOT  DRAWN  TO  SCALE.  DIMENSIONS 
ARE  IN  FEET. 


below  the  ground  surface  and  the  well  is  imperviously  cased  to  only  20  feet  below 
the  ground  surface  (^9).  Bacteriological  analyses  of  some  of  the  water  sources 
of  this  type  have  shown  contamination  by  coliform  bacteria  (12,19,20,24,29,  37)t 
Personnel  who  work  and/or  live  in  cities  or  towns  often  are  supplied  with  domestic 
water  which  usually  contains  coliform  organisms.  When  supplied  to  a  building 
utilized  for  USAF  duty  or  by  U.S.  dependents  (e.g.  hospitals,  schools,  commis¬ 
saries,  etc. )  water  is  often  chlorinated  at  the  building. 


V  WATER  TREATMENT  AND  DISTRIBUTION 

U.S.  military  medical  services  have  a  monitoring  and  advisory  responsibility 
to  assist  engineering  personnel  in  preventing  water-borne  disease,  These 
responsibilities  and  methods  for  carrying  them  out  are  outlined  in  Appendix  II. 
Particularly  important  are  the  following  considerations: 

1.  Cross-Connections 

Cross-connections  are  recognized  hazards  but  we  have  found  that  it  is  not  only 
the  hidden  cross-connections  out  in  the  distribution  system  that  must  be  sought. 
Valved  cross-connections  are  not  uncommon  in  base  distribution  systems  and  wa¬ 
ter  plants.  These  are  often  purposely  built  into  the  system  in  order  to  provide 
"quick-surge"  for  fire  fighting. 

A  flow  diagram  of  a  base  water  plant  with  cross-connections  for  this  purpose 
is  Tfhown  in  Figure  6.  Such  cross-connections  are  often  concealed  and  require 
careful  study  and  tinder  standing.  This  can  often  be  best  achieved  by  preparation 
of  such  a  flow  diagram.  In  the  Figure  6  case,  raw  water  from  the  well  sources  is 
pumped  into  the  top  of  the  ground  storage  tanks.  Some  of  the  water  isjthen  chlori¬ 
nated  and  pumped  into  the  top  of  the  elevated  storage  tank.  The  chlorinated  water 
flows  by  gravity  from  the  bottom  of  the  elevated  storage  tank  to  the  water  plant 
and  distribution  system.  Cross-connections  are  noted  at  valves  x,  y,  and  13.  If 
the  valves  are  always  closed,  cross -contamination  will  not  occur.  Valves  xaitd/ 
o”  y  would  be  opened  only  when  fire  pumps  are  used  to  pump  water  through  the 
distribution  system  in  case  of  fire  or  fire-pump  check.  When  this  is  done,  raw 
water  is  pumped  into  the  distribution  system  thus  contaminating  the  water  pipes. 

Continuity  of  positive  pressure  throughout  the  distribution  system  must  also 
be  assured.  Since  some  leaks  in  sewage  and  water  systems  will,  inevitably  be 
present,  if  pressure  in  the  water  systems  falls  to  near  that  in  the  sewer  system, 
it  is  likely  that  we  have  in  effect  a  cross-connection.  This  is  also  true  if  the 
water  system  pressure  falls  to  that  of  a  hydrostatic  head  equal  to  the  depth  of 
the  water  pipe  underground. 

2.  Chlorine  Disinfection 

An  understanding  of  chlorine  reactions,  terminology  in  common  use<.  and  the 
limitations  of  available  quantitative  tests  for  chlorine  in  water  is  essential  for 
responsible  water  plant  personnel  and  medical  service  monitors.  See  Appendix 
I.  Important  points  to  keep  in  mind  during  the  ensuing  discussion  are: 
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a.  Any  increase  in  concentration  of  a  disinfectant  decreases  the  time 
required  to  kill,  for  example,  99%  of  a  microorganism  species  present,  if  pH 
and  the  temperature  of  the  water  are  constant. 

b.  Free  available  chlorine  (HOC1  +  OCl")  can  be  quantitatively  measured 
with  accuracy  in  the  field.  Qunatitative  measurements  of  either  one  of  these  ' 
cannot  be  accomplished  in  the  field  but  can  be  determined  if  the  pH  and  temperature 
are  measured. 

3.  Contaminated  System  Disinfection 


We  have  frequently  found  that  native  employees  fail  to  follow  USAF  policy 
regarding  disinfection  of  units  of  the  water  supply  system  following  construction 
or  repair.  USAF  worldwide  policy  requires  scouring  and  flushing  by  water  with 
"a  velocity  of  at  least  3  feet  per  second"  afterwards  "each  unit  of  the  system  must 
be  thoroughly  disinfected  before  it  is  placed  in  operation".  Recommended  chlorine 
dosagesare  50  ppm  for  pipes  and  tanks,  100  ppm  for  filters  and  150  ppm  for  wells  ^ 

As  we  have  seen  (Appendix  1),  a  dosage  of  150  ppm  does  not  assure  any  free 
available  chlorine  residual  i .  e. ,  does  not  assure  disinfection.  Therefore,  policy 
guidance  gees  on  to  state,  continue  adding  chlorine  "until  water  disdharging  at  other 
end  of  section  contains  desired  residual  chlorine"and,  when  using  hypochlorite 
solution,  add  it  until  the  "chlorine  residual  is  about  50  ppm."  Assuming  that  all 
of  this  "chlorine  residual"  might  be  in  the  form  of  monochloramine  and  that  "about" 
is  liberally  interpreted  to  mean  40  ppm,  99%  of.E.  rioli  would  probably  be  killed  in 
2  -3  minute 8  at  0-6°C.  Presumably  and  hopefully  the  time  taken  to  add  ^chlorine, 
fill  the  system,  test  and  retest,  would  be  long  enough  so  that,  by  the  time  40  ppm 
was  found,  there  would  have  already  been  sufficient  contact  time  to  have  used  up 
most  of  the  chlorine  demand.  Policy  provides  thereafter  for  the  chlorinated 
water  to  "remain  in  the  ....  section  for  24-48  hours". 


4.  USAF  Continuous  Chlorination  Policy 

Most  ground  water  supplies  to  bases  in  the  Middle  East  are  at  pH  7-8  and 
temperature  0-20°C.  Of  the  two  variables  in  the  equation:  r nt=K  (Appendix  1) 
for  chlorine,  the  contact  time  (t)  is  determined  largely  by  existing  tank  COnstruC- 
tlOu  see  Appendix  III)  i.e.  additional  contact  time  can  only  be  achieved  at 

relatively  great  construction?  expense.  Contact  time  is  established  in  policy  as 
described  below.  Only  disinfectant  concentration  (c)  is  amenable  to  inexpensive 
change.  One  exception  is  the  situation  described  in  Section  V  para  1  and  Figure 
6  where  the  chlorinator  can  be  moved  ahead  of  additional  in-place  tanks. 

The  USAF  worldwide  policy  regarding  continuous  chlorination  of  water  at 
military  installations  is  that  "A  measurable  chlorine  residual  after  a  30-minute 
contact  period  in  the  system  or  in  a  closed  sample  bottle  will  be  maintained  at 
all  times  in  those  parts  of  the  potable  water  distribution  system  under  constant 
circulation.  This  does  not  apply  to  water  directly  supplied  ....  by  the  appro¬ 
priate  state  health  authority. . . .  (or)  if,  following  chlorination,  the  water  is 
stored  for  long  periods  in  properly  protected  distribution  reservoirs." 
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"Under  ordinary  field  conditions,  a  chlorine  residual  of  1.  0  ppm  after  10 
minutes  of  contact  time  is  required  in  all  drinking  water.  In  areas  where  amebic 
dysentery,  infectious  hepatitis  or  schistosomiasis  are  prevalent,  the  chlorine 
residual  must  be  increased  to  2.  0  ppm  or  more  after  10  minutes  of  contact  time. 

In  any  case,  the  water  should  not  be  used  until  30  minutes  have  elapsed  after  the 
addition  of  the  chlorine"  4 

HQ  TUSLOG  (the  USAF  command  in  the  E.  Mediterranean  and  Middle  East 
under  HQ  US  Air  ForcegEurope)  in  Dec  1966  wired  to  all  their  Directors  of  Base 
Medical  Services,  "The  following  procedures  are  recommended;  A.  A  minumun. 
free  available  chlorine  residual  of  1.  5  ppm  will  be  maintained  in  all  military 
controlled  water  systems.  (Complete  base  distribution  systems,  treatment  plants 
at  water  pick-up  points,  hand  chlorinated  systems,  etc.)  B.  All  personnel 
obtaining  water  from  other  than  military  controlled  systems  should  treat  their 
water.  Five  to  seven  drops  of  chlorox  per  gallon  of  water  normally  provides  a  safe 
water  product.  The  commercial  home  filters  do  not,  repeat  do  not,  remove  virus. 
This  water  should  be  treated." 

5.  Continuous  Chlorination-General 

Continuous  chlorination  is  essential  in  dealing  with  water  supplies  of  the  type 
described  in  Section  IV  above.  At  Middle  East  bases  this  is  usually  accomplished 
by  the  addition  of  chlorine  in  the  form  of  calcium  hypochlorite  because  of  its 
concentrated  foim  arid-base  of  handling ji  Determination  of  actual  contact  time  is  - 
thhTeifore  a  mattec  of  great  importance.  Methods  of  . accomplishing  this  in  a 
common  set  of  circumstances  is  given  in  Appendix  111. 

The  cost  of  chlorination  of  water  supplies  is  relatively  inexpensive  (for 
chemical  e.g.  $75.  for  20  million  gallons)  when  compared  to  initial  construc¬ 
tion  of  pretreatnrent  facilities  such  as  those  for  aeration,  coagulation,  settling 
and  filtration  (^3).  (See  Appendix  IV).  Also,  costs  of  increased  maintenance  and 
additional  chemicals  must  be  considered. 

To  reduce  the  likelihood  of  an  infectious  hepatitis  or  other  disease  outbreak 
from  accidental  opening  of  cross-connection  valves  (or  from  failure  to  super- 
chlorinate  after  they  are  opened  ),  the  'entire  water  supply  should  be  chlorinated. 
Using  the  Figure  6  example,  a  hypochlorinator  with  adequate  mechanical,  opera¬ 
tional,  testing  and  administrative  structure  could  be  installed  at  a  point  in  the 
main  water  lire  from  the  wells  so  that  all  the  raw  water  is  chlorinated  before  it 
enters  the  two  ground  storage  tanks. 

6.  Chlorination  Equipment 

Automatic  chlorination  equipment,  especially  when  chlorination  is  the  sole 
barrier,  must  perform  constantly.  At  one  US  dependents  school  supplied  by 
contaminated  domestic  city  water  which  was  then  chlorinated  by  a  hypochlorinator 
at  the  school,  we  found  aero  chlorine  residual.  The  old  hypochlorinator  ceased 
operation  sometime  before  the  once-a-day,  6-days-a-week  inspection  by  the  civil¬ 
ian  contractor.  It  was  found  that,  of  14  hypochlorinators  in  the  area,  about  1/4 
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were  malfunctioning  at  any  one  time.  All  were  old.  A  hypochlorinator  costs 
about  $700.00. 


7.  Operator  Proficiency 

Maintenance  and  operation  of  base  water  supply  systems  are  often  accom¬ 
plished  by  untrained  personnel.  At  one  USAF  station  there  was  some  doubt  as 
to  the  testing  rigor  which  preceded  the  recordings  of  hourly  chlorine  deterpiina- 
tions  by  base  Civil  Engineering  personnel.  All  readings  recorded  for  a  period 
of  a  month  were  2  ppm  ^  ). 

At  another  station,  while  visiting  the  water  plant,  it  was  noted  that  the 
operator  had  not  turned  on  the  chlorinator  even  though  water  was  being  pumped 
to  the  distribution  system.  When  questioned  about  the  situation,  he  immediately 
turned  it  on  and  stated  that  he.  had  intended  to  do  so  anyway.  The  container  hold¬ 
ing  the  hypochlorite  solution  was  low  and  the  suction  hose  was  almost  exposed  to 
the  air.  The  operator  stated  he  had  not  noticed  this  *  '. 

At  another  station,  water  samples  taken  from  the  distribution  system  for 
bacteriological  analysis  were  positive  for  coliform  organisms.  The  samples 
were  taken  from  water  lines  that  had  not  been  superchlorinated  after  initial 
construction 

The  effectiveness  of  chlorination  is  dependent  on  adequate  dosage,  testing 
and  operation  which,  in  turn,  are  heavily  dependent  on  competent  and  reliable 
operators. 


VI  WATER  CONTAMINATION  AND  BACTERIOLOGY 

As  we  have  seen  for  microorganisms  in  general,  the  inactivation  of  human 
enteric  viruses  by  chlorine  is  affected  by  temperature,  pH,  disinfectant  concoxlpatin 
contact  time  and  viral;  species  '  '  ’  Contact  time  and  concentration  of 

HOC1,  OC1",  monochloramine,  etc.  in  water  required  to  kill  infectious  hepatitis 
(IH)  virus  is  not  known  because,  other  than  in  human  volunteers,  there  is  as  yet 
no  proven  way  of  demonstrating  its  presence  of  inducing  it  to  multiply.  It  is 
known  that  complete  inactivation  of  many  enteric  viruses  is  not  achieved  by  the 
usual  conditions  for  killing  bacteria  in  water. 

Figure  7  is  a  plot  of  cnt=K  curves  on  logarithmic  paper  for  various  halogen 
disinfectants  and  organisms.  Lines  1,2  and  3  are  for  the  effect  of  HOC1  on  E.  coli, 
a  poliomyelitis  virus  and  Coxsackie  A2  enterovirus.  Comparison  of  lines  1  and  "3 
demonstrates  the  resistance  of  Coxsackie  A2. 

IH  virus  is  often  cited  for  its  resistance  to  chlorine  *47\  The  few  reported 
findings  for  individual  points  on  the  c'HsK  curve  for  IH  virus  vary  widely.  This 
is  in  part  due  to  the  literature  containing  terminology  variance  or  antiquated  test¬ 
ing  regarding  chlorine  concentration.  Point  A,  Figure  7  is  at  15  ppm  for  30  min. 

This  is  cited  as  being  beyond  the  breakpoint  of  the  particular  IH  contaminated  water 
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(47) 

tested  and  at  causing  "definite  attenuation"  of  IH  virus  in  "residual  chlorine" 

Much  of  this  residual  may  have  been  chloramines.  Note  how  far  point  A  is  to  the 
right  of  lines  3  and  4. 

At  any  rate  such  a  line  for  IH  virus  cannot  now  be  drawn.  What  is  the  next 
best  determinant  for  disinfectant  concentration  and  contact  time?  The  use  of  a 
resistant  virus  as  an  indicator  organism  would  obviously  be  most  desirable  and 
has  been  stro&gly  recommended  (48).  However,  such  a  virus  would  be  likely  to 
be  more  susceptible  to  disinfectant  than  IH  virus  and  no  easy  and  practical  method 
for  routine  viral  recovery  from  water  and  subsequent  assay  has  yet  been  developed. 

1.  Indicator  Bacteria 

Therefore,  bacteria  must  still  be  relied  upon  as  "indicator  organisms"  i.  e. 
their  presence  is  used  as  an  indicator  as  to  whether: 

a.  Source  water  is  contaminated/polluted. 

b.  Treated  water  has  been  adequately  treated. 

The  indicators  of  pollution  finding  most  general  acceptance  today  are  the  con¬ 
form  group  and  the  fecal  streptococci.  Both  groups  require  careful  interpretation 
as  to  their  actual  significance.  The  coliform  group  includes  (*9): 

a.  Escherichia  coli.  E.  coli  are  found  and  multiply  in  many  places. 

Those  which  inhabit,  or  come  from,  human  or  animal  intestines  are  called  fecal  coli. 
Since  fecal  coli  do  not  survive  in  water  for  as  long  a  time  as  other  numbers  of  the 
coliform  group,  (*9*  theiii  presence  in  water  is  considered  indicative  of  recent 
fecal  contamination  or  recent  pollution  with  soil  runoff -water. 

b.  Aerobacter  species  (e.g.  _A.  aerogenes  and  A.  cloacae).  These  occur 
in  fecal  discharges  (though  usually  in  smaller  numbers  than  E.  coli);  on  different 
plant  species;  and  in  packing  and  sealing  materials  used  for  pipelines  and  valves. 

c.  Various  plant  pathogens  (e.g.  Erwinia  sp. ,  Pseudomonas  sp. ) 

d.  Organisms  about  which  very  little  is  known  regarding  their  natural 
habitat(s). 

Although  the  coliform  group  has  been  widely  preferred  as  an  indicator  by  many 
workers  through  the  years,  a  great  dead  of  interest  also  centers  on  the  fecal  strepto¬ 
cocci  as  indicators  of  fecal  pollution  in  water.  Included  in  this  group  are: 

a.  The  enterococci  (*9,51).  (e.g.  Streptococcus  faecalis.  Streptococcus 

durans ) 

b.  Streptococcus  faecium,  S.  bovis,  S.  equinus  and  other  strains  meeting 
the  criteria  of  Lancefifcld’s  Group  D  Streptococci  (4r,  52,  53). 

These  organisms  are  indicative  of  fecal  pollution  as  they  are  morecbnsiS'tently 
Associated  with  feces  of  warm-blooded  animals  than  the  fecal  coli.  Thus  their  use 
in  water  microbiology  tends  to  reduce  the  problem  of  determining  fecal  vs.  nonfecal 
origin  (^).  They  do  not  multiply  in  water  and  cause  overgrowths  as  is  sometimes 
the  cate  with  the  coliforms.  The  density  of  fecal  streptococci  recovered  therefore 
is  in  general  equal  to  or  less  than  the  density  of  fecal  pollution  that  was  originally 
discharged  into  the  water/®*). 
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Recent  reports  in  the  literature,  however,  demonstrate  the  association  of 
organisms  similar  to  the  fecal  streptococci  with  various  types  of  vegetation.  These 
could  be  introduced  into  water  sources  from  food  industry  wastes  or  stormwater 
runoff  ^5).  This  has  complicated  the  interpretation  of  the  presence  of  strepto¬ 
cocci  and  could  cause  misleading  results  in  the  analysis  of  certain  waters.  Much 
more  information  is  still  needed  on  detection  procedures,  sources,  survival  and 
significance  of  the  streptococci  in  different  types  of  water. 

2.  Is  Contamination  Human  or  Animal?  Source  of  Indicator  Bacteria 


If  a  groundwater  source  is  bacteriologically  sterile  it  seems  that  it  is  less 
likely  to  contain  IH  virus.  As  we  have  seen  in  overseas  areas,  groundwater  is 
often  bacteriologically  contaminated.  IH  virus  is  not  known  to  occur  in  animal 
feces.  If  a  bacteriologically  contaminated  ground  water  source  could  be  shown 
to  have  acquired  its  bacteria  entirely  from  non-human  sources,  it  seems  likely 
that  it  would  contain  no  IH  virus.  No  entirely  satisfactory  method  exists  for 
distinguishing  coliforms  as  to  their  human  or  animal  origin. 

It  appeared  from  some  studies  that  perhaps  those  coliforms  that  produced  gas 
from  lactose  at  44.  5°C  (as  well  as  at  the  standard  35°C)  were  likely  to  be  from 
humans.  They  have  since  been  shown  to  be  usually  fecal,  but  not  necessarily  human. 
The  test  was  originally  conceived  by  Eiikman  in  1904 '  '  and  has  been  the  subject  of 

a  number  of  papers  since  then  ^ The  modification  of  the  tests  as  described 
in  Standard  Methods  wm  allow  estimates  of  the  density  of  both  fecal  and  non- 
fecal  coliforms  in  water,  and  thus,  give  information  as  to  the  remoteness,  both  in 
distance  and  time,  of  this  pollution.  This  test  will  not  eliminate  the  possibility  that 
polluted  water  may  contain  human  fecal  contamination. 

At  present,  it  is  possible  to  estimate  a  source  of  fecal  contamination,  i.e., 
human  or  animal,  with  careful  quantitative  studies  of  each  streptococcal  species 
recovered  from  the  water,  but,  the  methodology  involved  is  tedious  '  ’  '.  Reports 

have  also  been  published  on  the  use  of  inhibitory  agents  (e.g.  sodium  aside)  for 
differentiating  streptococci  of  human  and  animal  origin  with  varying  degrees  of 
efficiency  (53,  54,  62).  These  also  will  not  eliminate  the  possibility  of  human  fecal 
c  ontam  ination . 

A  third  method  which  will  distinguish  between  the  contribution  of  human  versus 
animal  wastes  in  water  is  being  evaluated  currently  (55,  58).  This  method  utilises 
the  recognised  procedures,  such  as  those  in  Standard  Methods  (^9).  to  obtain  both 
the  fecal  coliform  and  fecal  streptococci  densities  from  the  same  water  sample 
point,  from  which  a  ratio  is  derived.  It  has  been  found  that,  because  of  the  density 
relationships  of  these  organisms  typically  observed  (in  human  and  various  animals 
feces,  commercial  and  domestic  wastes,  and  stormwater  discharges),  a  ratio 
greater  than  4  to  1  (coliform  to  streptococci)  usually  means  pollution  from  domestic 
wastes.  These  contain  a  large  proportion  of  human  body  wastes.  Pollution  from 
meat  packing  and  dairy  plants,  poultry  and  livestock,  or  stormwater  runoff  normal¬ 
ly  results  in  ratios  of  0.7  to  1.0  or  lower.  These  ratios,  as  well  as  being  influenced 
by  several  environmental  factors,  cannot  be  used  (even  when  below  0.7)  to  eliminate 
the  possibility  of  human  contaimination.  Therefore,  the  possibility  of 
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the  presence  of  IH  viru»  cannot  be  eliminated  in  a  potential  drinking  water  source. 
Nor  has  the  use  of  the  method  been  applied  to  the  evaluation  of  treated  water,  where¬ 
in  to  obtain  some  estimate  of  human  fecal  contamination,  one  must  resort  to  the 
enumeration  of  specific  streptococci  present. 

The  fecal  streptococci,  then,  seem  to  be  more  useful  than  the  coliforms  for 
indicating,  the  type  of  pollution  occurring  in  surface  waters  and  other  untreated  or 
inadequately  treated  water  Sources  and  systems.  In  a  study  of  the  Izmir,  Turkey 
water  system,  Det  36  Report  63-2  the  fecal  streptococci  were  thought  to  be 
more  sensitive  indicators  of  pollution  than  were  the  coliforms.  Fecal  streptococci 
are  of  no  greater  value  than  the  coliform  group  for  examination  of  adequately 
treated  water  ^54^. 


VII  HOW  MUCH  CHLORINE  ? 

As  mentioned  in  section  VI*abovet  Figure  7  is  a  logarithmic  graphpaper  plot  of 
c'HaK  for  numerous  conditions.  Clark  and  others  report  that,  at  0-6°C,  Polio¬ 
myelitis  Type  1  and  Coxsackie  A2  viruses  (lines  2  Sc  3)  are  considerably  moretresist- 
ant  than  Escherichia  coli  (line  1)  to  HOC1.  Point  A  is  Neefe's  finding  of  15  ppm  for  30 
min.  for  IH  virus  in  "residual  chlorine. "  Following  a  summer  camp  outbreak  of 

infectious  hepatitis,  Neefe  again  stated  application  of  1  ppm  of  "residual  chlorine" 

in  the  absence  of  pretreatment  did  not  eliminate  the  virus.  (pH  hot  given) 

We  believe  the  answer  to  "How  much  chlorine?"  in  overseas  high-IH-incidence 
areas  (assuming  no  cross-connections  and  dgeeottsr  regard  for  superchlorination 
requirements)  is:  enough  so  that,  at  the  treatment  site,  there  is  always  0.4  ppm 
HOC1  after  30  minutes  contact  time  if  the  source  water  does  not  contain  coliforms 
and  0.6  ppm  if  it  does.  Additionally,  if  coliform  organisms  are  found  in  the  distri¬ 
bution  system,  0.4  ppm  HOC1  must  be  maintained  throughout  the  active  system  but 
a  one-time  superchlorination  should  be  tried.  This  is  in  consonance  with  the  NAS- 
NRC  statement  regarding  residuals  in  the  distribution  system  (Appendix  V)  ^4). 

Our  argument  for  cited  levels  at  the  treatment  point -is  four-pronged,  viz: 

a.  On  Figure  7  (before  photoreduction)  there  was  2.9cm  between  the  point  cnlre 
(1  ppm,  99%  kill  E«  coli  in  HOC1)  and  point  B.  Point  B  is  the  point  (1  ppm,  99% 
kill  of  E.  coli  in  iodine).  There  is  some  logic  for  assuming  that  a  similar  difference 
might  eidst  between  HOC1  and  I2  for  any  microorganism.  Coxsackie  A  virus  is 
resistant.  We  know  the  response  of  Coxsackie  A9  virus  in  Ij  at  5°C.  This  is  line  6 
on  Figure  7  '  '.If  we  measure  2.  9cm  along  the  1  ppm  line  from  line  6,  we  are  at 
the  point  labeled  C.  This  may  represent  the  response  of  Coxsackie  A9  virus  to  1  ppm 
HOC1.  * 

Dashed  lines  7  and  8  are  extrapolations  from  point  C  at  slopes  n=l  and  n=l.  5 
respectively.  One  of  these  lines  might  be  expected  to  approximate  the  actual  line  for 
Coxsackie  A9  virus  in  HOC1  at  5°C,  IH  virus  might  be  expected  to  behave  similarly 
since  it  is  also  a  resistant  virus.  Thus  at  n*l.  0  and  30  minutes  contact  time,  15  ppm 

*  Point  C  happens  to  be  the  value  for  Coxsackie  A9  virus  in  at  15°C. 
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FIGURE  7 

LOGARITHMIC  PLOT  OF  CONTACT  TIME  (♦)  VS  CONCENTRATION 
(-C)  for  KILLING  99%  of  VARIOUS  MICROORGANISMS  WITH 
HALOGEN  DISINFECTANTS  *nt»K 

.  n  IS  ASSUMED  TO  BE  I  UNLESS  STATED  OTHERWISE 
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hOCl  would  be  required  for  99%  kill  of  IH  virus.  This  happens  to  be  at  point  A 
previously  discussed.  However,  since  the  only  n  value  we  have  for  HOCl  is  1.  5 
for  E.  coli,  it  seems  slightiy  more  logical  to  use  this.  At  n=l.  5  and  30  minutes 
contact  time,  5  ppm  HOCl  would  be  required  for  99%  kill  of  IH  virus  under  the 
several  hypothetical  assumptions  made  above. 

b.  The  USAF  in  South  Viet  Nam  (in  response  to  a  Dec  1966  MACV  direc¬ 
tive)  chlorinates  to  5.0  ppm  free  available  chlorine  after  30  minutes  contact  time 
at  the  point  of  treatment  and  also  insists  on  2.0  ppm  at  the  point  of  consumption. 

This  is  true  whether  or  not  the  water  receives  other  treatment  (coagulation,  sedi¬ 
mentation,  filtration,  aeration)^).  There  has  been  no  known  instance  of  water 
borne  hepatitis  acquired  from  these  supplies.  IH  admission  rates  have  4»ee n  in 
consonance  with  this.  US  Army  representatives  reported  in  1967  that  most  Army 
IH  cases  showed  strong  correlation  with  the  use  of  nonpotable  ice. 

c.  Evidence  indicates  that  IH  virus  is  at  least  as  resistant  as  Coxsackie 

A2  virus  to  HOCl.  Coxsackie  A2  is  the  most  resistant  virus  for  which  we  have  HOCl 
data  (line  3,  Figure  7).  In  the  absence  of  IH-in-HOCl  data,  if  we  assume  IH  is  the 
same  as  Coxsackie  A2,  we  require  0.  3  ppm  of  HOCl  for  30  minutes  to  kill  99%  of 
IH  virus  if  n=i.  5  as  it  does  for  E.  coli  in  HOCl  (although  line  1,  Fig  7  is  plotted  as 
n=l).  The  0.3  ppm  is  derived  from  Table  2  and  interpolation  on  Figure  4,  both  of 
Appendix  1.  This  line  has  then  been  plotted  as  line  9  on  Figure  7. 

d.  Hq  TUSLOG  recommended  to  all  bases  in  Dec  1966  that  1.  5  ppm  free 
available  chlorine  residual  be  maintained  in  all  TUSLOG  water  eystems.  This 
recommendation  was  followed  to  some  extent.  TUSLOG-1967-IH-admission  rates 
were  the  lowest  in  5  years  both  for  USAF  personnel  (Figure  4,  Page  5)  and  for 
dependents  (Attachment  2).  TUSLOG  base  waters  in  general  have  a  top  pH  of  8. 

At  pH  8,  1.5  ppm  free  available  chlorine  consists  of  0.  3  ppm  HOCl^  at  28°C. 

Pending  further  data^this  practical  argument  (d)  combined  with  (c)  semis  the  most 
persuasive  to  arrive  at  an  expedient  conclusion.  With  argument  (a)  and  the  need  for 
at  least  a  slight  safety  factor  in  mind,  it  is  therefore  felt  logical  to  require  that  all 
base  water  systems  chlorinate  to  C.4  ppm  HOCl  residual  after  30  minutes  contact 
time.  If  frequent  pH  testing  cannot  be  done,  but  the  pH  has  always  been  below  8,  1.  5 
ppm  free  available  chlorine  will  satisfy  this  requirement.*  If  the  source  water  shews 
evidence  of  human  fecal  contamination  (which,  with  the  present  state  of  the  art,  must 
be  taken  to  mean  if  it  contains  coliforms)  maintenance  cf  0.  6  ppm  HOCl  would  be 
safer.  We  recommend  these  levels  "at  the  treatment  point"  in  accordance  with  NRC^^ 
rather  than  "in  the  active  distribution  system"^®’ 

Since  free  iodine  efficiently  inactivates  some  viruse3  at  pH  7  or  higher  (if  or¬ 
ganic  content  is  r„ot  high),  much  work  is  being  done  in.  an  attempt  to  develop  a  more 
satisfactory  procedure,  possibly  by  using  iodine  and  chlorine  together.  Until  some 
procedure  such  as  this  is  developed,  reliance  must  be  placed  on  chlorine  at  the  levels 
discussed. 


*  In  water  at  10°C  or  below-Figure  2,  Appendix  1  (27%  x  1.  5  =0.4  ppm)  .  The  chlo¬ 
rinated  water  must  remain  at  10°C  (50°F)  or  below  during  the  30  minute  contact  time 
i.e.  in  the  storage  tank. 
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VII  TASTE/ACCEPTABILITY  OF  CHLORINATED  WATER 

The  mouth  taste  organs  distinguish  only  four  "tastes".  The  general  impression 
we  call  taste  however  is  often  a  combination  consisting  largely  of  odor.  Both  taste 
and  odor  are  subject  to  great  individual  variation  and  the  relative  coritrtbution  of 
pH,  temperature  and  free  available  vs  combined  available  chlorine  is  not  known.  The 
presence  of  other  chemicals  affects  the  taste  impression  greatly.  One  part  per  bil¬ 
lion  phenol  can  be  detected  when  combined  with  chlorine  ^  K  Chlorination  of  water 
to  over  .  6  ppm  will  be  resisted  by  some  unknown  percentage  of  people  because  of 
taste. 


In  1956  in  El  Paso,  Texas,  "the  free  chlorine  residual  was  increased  from  0.75 
to  2.0  ppm  and  the  residuals  in  the  far  reaches  of  the  distribution  system  were  main¬ 
tained  at  no  less  than  1.5  ppm.  Almost  all  complaints  from  householders  stopped. 
Experiments  for  a  day  or  two  with  residuals  of  as  high  as  5.0  ppm  in  certain  areas 
(of  El  Paso)  did  not  lead  to  any  unusual  trouble.  There  are  fewer  complaints  and 
these  are  now  mostly  from  commercial  establishments  instead  of  from  home  owners. 
However  some  newcomers  to  the  area  notice  a  taste  in  the  water-not  usually  unpleas¬ 
ant -and  there  are  a  few  people  with  exceptionally  sensitive  palates.  Many  of  the 
complaints  are  found  to  be  the  result  of  the  action  of  chlorine  with  various  foreign 
substances  such  as  . . .  tastes  in  ice  when  insufficient  coring  has  been  practiced.  El 
Paso's  experience  with  2  ppm  chlorine  residuals  in  the  distribution  system  has,  in 
general,  been  highly  successful,  especially  from  the  standpoints  of  bacteriological 
safety,  customer  relations  and  economical  treatment"  '  \ 

Balanced  against  this  report  is  the  report  from  a  base  in  France  that  "virtually 
no  water  was  consumed  on  the  base  by  the  French  workers."  The  base  water  con¬ 
tained  an  average  of  0.9  ppm  total  chlorine  residual  ^). 


The  percent  of  military  personnel  who  will  consume  unauthor  feed  water  may 
increase: 

a.  When  new  troops  come  to  the  area  from  a  base  without  chlorination. 

b.  When  health  education  of  troops  is  inadequate, 

c.  As  the  free  available  chlorine  increases  beyond  the  taste  detection  thres¬ 
hold.  This  may  be  a  straight  line  function  for  most  people  drinking  one  quality  water. 
The  threshold  varies  between  persons  and  is  heavily  dependent  on  other  chemicals  in 
the  water  but  is  usually  between  0.4  and  5.  5  ppm. 

d.  When  personnel  drink  relatively  tasteless  iced  drinks  (e.g.  ice  water, 

vodka). 

e.  As  authorized  water  becomes  more  distant  and  difficult  to  obtain  and 
conversely  as  unauthorized  water  becomes  more  available  lfe-g.fi*  Id  combat  situation) 
and  as  thirst  increases  *  K 

f.  As  enforcement  of  the  consumption  of  only  authorized  water  becomes 
more  difficult.  For  troops  living  at  home,  enforcement  is  impossible. 


There  is  a  need  for  further  data  regarding  all  points,  especially  c  and  d. 


IX  SUMMARY -ABSTRACT 


Military  age  personnel,  who  were  reared  on  (a)  water  and  food  which  were  rigid¬ 
ly  separated  from  human  fecal  contamination  and/or  (b)  water  and  food  which  were 
extensively  processed  to  remove  or  kill  all  pathogenic  organisms,  are  susceptible 
to  along  period  of  non-effectiveness  due  to  hepatitis  virus  infection.  In  high  inci¬ 
dence  areaSpthia  troop  non -effectiveness  can  only  be  prevented  by  expensive  mass 
gamma  globulin  administration,  or  by  continuation*  of  such  separation  arid/orby 
continuation  df  such  processing  of  "oral  consumables'^mass  GG  drains  money  and 
national  stockpiles  (®*). 

Complete  processing  of  water  may  be  expensive  in  some  count  lies.  In  these 
countries,  when  military  admission  rates  are  high  (i.  e.  above  1.5  per  1,  000  per 
year),  securing  a  bacteria  free  water  source  plus  chlorination  of  the  water  to  0.4 
ppm  HOC1  after  30  minutes  contact  time  at  the  treatment  site  appears  to  be  an 
inexpensive  but  usually  adequate  method  for  the  temporary  processing  of  water  to 
prevent  spreading  of  hepatitis  by  the  water  route.  Frequent  pH  testing  is  often 
necessary  in  order  to  do  this. 

Close  monitoring  for  purity  of  source  water,  absence  of  cross  connections, 
performance  of  superchlorinatfon  after  maintenance  and  absolute  continuity  of  con¬ 
tinuous  water  chlorination  HOC1  levels  are  essential.  Water  plant  operator  profi¬ 
ciency  is  essential  for  these  (®°). 

When  the  ground-water  source  is  bacteriologically  contaminated,  there  is  a 
very  high  probability  of  viral  contamination.  In  a  high-IH -incidence  area,  it  must 
be  assumed  then,  that  the  source  water  contains  IH  virus.  Therefore  chlorination 
to  0.6  ppm  HOC1  is  recommended.  However  every  practical  effort  should  be  made 
to  secure  a  source  that  is  always  absolutely  free  of  human  fecal  contamination  and / 
or  to  provide  other  water  treatment. 

Providing  a  constantly -bacteria -free  ground-water  source  requires  at  least 
sealed  wells  that  are  imperviously  cased  down  far  enough  to  provide  adequate  sand/ 
soil  'filtration '  from  the  ground  surface.  The  extent  of  virus  removal  during 
passage  through  sand/ soil  depends  in  part  on  soil  type  '  and  on  the  flow  rate 
through  the  soil.  At  higher  flow  rates,  less  virus  is  removed  (^7-79).  Below  deep 
stream  beds,  flow  rate  may  be  high.  When  the  static/water  level  is  close  to  the 
ground  surfs ce  '  ’  '  and  in  fissured  or  fractured  soijf^ncLcrock,  virus  removal 
bstssoan  the  ground  surface  and  the  bottom  of  the  impervious  casing  may  be  slight. 

If  coliforro  organisms  are  found  in  the  distribution  system,  try  to  eradicate 
them  by  a  trial  of  superchlorination.  If  not  successful,  at  least  0.4  ppm  HOC1  must 
be  maintained  throughout  the  active  distribution  system.  Otherwise,  with  the 
familiarity  bred  by  prolonged  operation,  hepatitis  outbreaks  can  be  expected. 

These  chlorine  levels  are  acceptable  to  most  consumers  for  most  purposes  if 
phenols  or  ether  taste/odor  threshold  lowering  agents  are  not  present. 
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When  a  significant  percentage  of  troops  are  likely  to  drink  unauthorized  water, 
measures  should  be  taken  to  reduce  this  percentage. 

As  with  poliomyelitis,  if  infants  and  children  in  referenced  high-incidence  areas 
are  reared  on  oral  consumables  processed  to  kill  all  IH  virus,  when  they  reach  mili¬ 
tary  age  many  probably  will  be  susceptible  to  clinical  infection  . 


TttHKCE  OZET 


(a)  Fekal  Kontaainasyondan  kat'i  Burette  tecrit  edilalf  su  ve  gida  aaddeleri  lie 
beslenen  re /re ya  (b)  Igindeki  patojealk  organ!  zaalann  yok  edi laesi  lgln  gerekli  ana- 
■el eye  tabi  tutulan  su  ve  gida  aaddeleri  lie  beslenen  askerllk  gegindakl  personelin, 
uzun  bir  aiire  igin  hepatlt  virus  enfeksiyonlanna  karyi  aukaveaetleri  azalaif  olur. 
Haetaligm  insidansinm  yiiksek  oldugu  bolgelerde  askerl  personelin  bu  direng  zayifli- 
gi,  biiytik  a! k tarda  gaaoa  globulin  verl laesi  veya  su  ve  gxda  aaddelerl  lglndekl  or- 
ganizaalarm  ewelce  oldugu  gibi  kontaainasyondan  tecrit  ve/ve ye  yok  edilaeeine  de-.g^\ 
vaa  etnek  suretiyle  onlenebilir  5  Ayraca  herkese  GG  rerllmeal  Hag  stokunu  da  erltir^05', 


Bazi  Betel eketlerde  suyun  teaizleae  auaneleslne  tab!  tutulaasi  pahaliya  aal 
olabilir.  Hastalik  insidansinm  yiiksek  oldugu  (senede  1000  de  1.3  tan  fazla)  bu  aea- 
ketlerde,  lglnde  bakteri  olaiyan  blr  su  kaynagi  temin  eteek  ve  auaaeleye  tabl  tutul- 
duktan  56  daklka  sonra  0.4  ppa  H0C1  evsafli  lgne  suyu  tealn  etnek  viral  hepatltln  su 
yolu  lie  yayilaasim  Snleaek  aaaciyle  suyun  ouvakkaten  tenlzlennesl  bakiamdan  ucuz 
ve  yeterli  bir  eetod  olarak  kabul  edileblllr.  Bunu  yapabilaek  lgin  suyun  sik  sik 
pH  testi  yapilaasi  gereklidlr. 

Suyun  aeabamda  teaizligln  devanli  kontrolu,  su  febekeslne  difsrdan  sizinti 
oleasimn  Snlenaesl,  klorlamanm  tan  olarak  yapila&si  ve  suda  H0C1  seviyesinln  kat'i 
ve  devaali  olarak  ldaaesi  farttir.  Bu  aaksatla  suyu  kontrol  eden  gahsm  If  Inin  ehli 
olnasi  gerekaektedir. 

Su  aeabamda  bakteriyolojlk  blr  kontanlnasyon  versa  viral  kontaainasyon  lbti- 
oall  de  yiikeektlr.  Infekslyoz  Hepatlt  Insidansinm  yiikssk  oldugu  blr  brigade  su 
■eabanin  IH  vlriisii  lhtlva  edebilecegl  lhtlaall  nazari  ltlbara  almaalidir.  Bu  se- 
bepten  klorlamanm  0.6  ppa  H0C1  derecesinde  yapilaasi  tavsiys  olunur.  Maaaafih  in- 
san  fekal  kont&alnasyonundan  tanaaen  art  blr  su  tnembai  bulnak  ve/vsya  suyun  teals Isas 
auaaeleslne  tabl  tutulaasmi  tealn  etnek  lgln  gerekli  h«r  tiirlii  gsyret  sarfedllaelldlr. 

Devaali  olarak  bakterlden  ari  blr  yaralti  su  af abai  tealn  etask  lgln  yetsrll 
lain  /toprek  flltrasyonu  olaasi  tisyian^n  toprak  sevlyeslndsn  kafi  derinll&e  kadar  lnsn 
etrafi  su  geglzaes  fekllde  Inga  edllalg  ve  iistii  tanaaen  kapali  su  kuyulan  olaasi  la- 
ziadir.  TlrQslerln  kua/toprak  flltrasyonu  ssnasinda  glderllae  derscesi  kisasn  topza- 
gin  clnslna  (76)  ve  suyua-akif  derecesine  baglidir.  Hizli  akif  derecelerinde  virile 
glderl laesi  ri*ha  azdir  (77-79)  •  Derin  su  yataklannm  altmda  akif  hizi  yiikssk  ola¬ 
bilir.  Statik  su  sevlM^l  toprak  sevlyeslne  yakin  olursa  (76)  ve  arasi  gatlak  yahut 
kink  kaya  veya  toprmlrise  toprak  sevlyeslyls  kuyunun  su  sisdiraas  kisainm  dlbi  ara- 
amdaki  bdlgede  virile  lsalesi  pek  oils' 1  olur, 

Tevsl  slsteainde  kolifora  organisaalan  bulunursa  super  klorlaas  suretiyle 
bualann  glderllaeelne  galif llaalidir.  Bunds  auvaffak  olunaasea,  tevsl  si steal nde 
devanli  olarak  en  az  0.4  ppa  H0C1  bulundurulaaei  lasiadir.  Aksl  takdlrde,  uzun  aild- 
det  aligaadan  aatavellit,  hepatlt  ealginlarc  suhur  etaeei  anhteaeldlr. 
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$a?at  nda  phenol  va  banzarl  dl&er  lezzet  bosan  vvjm  koku  japan  aaddaler  yoksa 
bn  klor  daracalarl  auyu  knllanaa  gahxslara  blr?ok  bakialardan  uygundur. 

Mhl*  alktarda  aakari  paT zonal In  l$llaesl  yasak  alan  blr  auyu  igaaal  lhtlaall 
▼area  ba  alfctann  aagariye  iadlrilaasl  ipin  garakll  tadbirler  alxnaalidxr. 

Folloaylitia  baaaaaaa  galince. .  bebekler  to  kii?Ok  ya?takl  coooklar  yukanda 
ball rill an  yOkaak  insldanslx  bdlgalarde  IB  vlrUsUnUn  yokedllaaal  gayaalyla  garakll 
■naaeleye  tabl  tutalan  an  re  gida  aaddalarl  11a  baslandiklarl  takdlrde,  bonlar  asker- 
11k  «agiaa  galdlklarl  aaaaa  klinlk  enfakziyona  kargx  nohtaaelan  haaaaa  olurlar. 
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Unit'd  Stats.  and  Foreign  Wstef-lorne  Outbreob  of  InfscRota  Hepstttll  from  Surf.o.  Wstor  SeppUe.,*  lOT-Ittl 


Date 

Location 

No.  Cases 

Type  of  Supply 

Treatment 

Most  Likely  Reaaon 

Source 

!895t 

King*  Lynn,  Eng! end 

34 

Public 

None 

Village  using  polluted  stream. 

T 

1944t 

Pennsylvania  (summer  camp) 

2SS 

Private 

None 

Contaminated  wells. 

Wells 

Feb. 

Rural  Pennsylvania 

9 

Private 

None 

Probably  seepage  of  towage 

Well 

1948 

from  adjacent  cesspool 
(retrospective  study). 

July 

1949 

Willamette,  Ore.  (restaurant) 

6 

Private 

Chlorination 

Probably  inadequate 
chlorination. 

Well 

Sept. 

I*aa  Croce*,  N.  M. 

25 

Public 

? 

Back  alphonage. 

Wells 

Oct. 

1949 

Clide,  Ore.  (school) 

12S 

Private 

Chlorination 

Interruption  of  chlorination. 

Well  water  also  eromoonnected 

Well 

to  raw  river  water. 

Lane  Co.,  Ore. 

8 

Private 

None 

Use  of  polluted  water  not 

Spring 

1950 

intended  for  drinking. 

July 

Tennessee  (church  camp) 

104 

Private 

None 

Seepage  of  sewage  dye  traced 

Spring 

1952 

from  leak  In  aewer  line. 

Vasbon  Island,  Wash. 

100 

Public 

r 

Incomplete  Information  on  file. 

r 

1952 

possibly  due  to  water. 

March 

1953 

Sterling,  Colo,  (school) 

49 

Public 

7 

Possible  cross  connection 
with  toilet 

? 

Mercenbarg,  Pa.  (school) 

25 

Private 

None 

Use  of  polluted  ground  water. 

Spring 

1953 

Privies  on  hill  above  spring. 

1953 

32 

Public 

? 

Back  siphonage  from 

r 

Hooring  area) 

clothes  washers 

Surface 

Delhi,  India 

28,745 

Public 

Filtration  and 

Low  and  combined  chlorine  at 

1955 

disinfection 

Chandrawal  plant. 

1955 

Yuba  Co.,  Calif.  (Comptonville 

9 

Private 

None 

Fecal  contamination  ot  wateisueo.  .stream 

picinic  area) 

Water  used  to  make 
fruit  punch. 

1955 

Kotxebue,  Alaska 

21 

Private 

None 

Contamination  of  watershed 

Poods 

by  feces. 

March 

CurwensviUe,  Pa. 

170 

Public 

Chlorination 

Unapproved  sources  end  low 

Straw 

1956 

chlorine  reakhuL 

and 

spring 

June 

Utica,  Ky. 

9 

Private 

None 

Seepage  of  sewage  from  septic 

Wells 

1956 

tank,  proven  by  dye  studies, 
into  adjacent  well*. 

Not. 

Rhinebeck, 

83 

Public 

Chlorination 

Inadequate  chlorination. 

Surface 

1956 

Rhinocliff,  N.  Y. 

end 

well 

1956 

Arkansas  (school) 

r 

Public 

? 

Use  of  polluted  water  on 

r 

football  field. 

Jan. 

Poeen,  Mich. 

164 

Privsle 

None 

Underground  pollution  of  wells 

Well. 

1959 

through  creviced  limestone. 

Dec 

Hawkina  Co.,  Tenn.  (small 

10 

Public.  Privately 

7 

Probably  seepage  of  sewage. 

Won 

1959 

subdivision) 

owned  not 
approved 

May 

Crsigsvlllo.  W.  Vs.  (school) 

7 

Private 

None 

Overflow  of  sewage  after 

Welle 

I960 

dishwasher  hooked  Into  line. 

June 

Brookhold,  Conn,  (school) 

22 

Private 

r 

Seepage  of  sewage. 

Well 

I960 

Sept. 

Now  York 

21 

Private 

Chlorination 

Inadequate  chlorination  only 

Lake 

1960 

treatment  (retrospective 
study). 

April! 

Artssia,  Colo. 

14 

Public 

None 

Cram  connection  with 

Weil. 

1963 

Total:  S0/M0 

toilet  in  a  school. 

*  AH  Mtift  I  Nm  Min  InMM  mIIm  ww»n<ii  VtOnl,  S.  1|  Diioa,  f.  1.;  WiMmt,  R.  B. ;  isd  MrCak*.  L.  J.  fiurtw*  EHnu*  Oallmli,  1 94*- 1MB.  J.  Aa.  flW 
Vkt.  A.  (Am#.),  IMS. 
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DEPARTMENT  OF  THE  AIR  FORCE 
TUSLOG  DETACHMENT  36  (USAFE) 

APO  New  York  09224 

EPIDEMIOLOGY 

INFECTIOUS  HEPATITIS  AND  WATER: 

EVALUATION  AND  CHLORINATION 

APPENDIX  1 

DISINFECTION  BY  CHLORINE -CHE  MISTR  Y- TER  MS -EQUATIONS 


1.  An  understanding  of  the  definition  of  terras  and  of  the  reactions  of  chlorine 
in  polluted  water  is  essential  to  predict  the  success  of  chlorination.  Chlorine  dosage 
is  the  term  used  to  indicate  the  amount  of  chlorine  added  to  water.  It  is  often  ex¬ 
pressed  in  terms  of  the  calculated  total  theoretical  chlorine  concentration  (e.g.  ppm 
=  mgm/liter)  that  addition  of  a  given  amount  of  chlorine  would  give  (if  the  added  chlo¬ 
rine  underwent  no  chemical  combination).  When  chlorine  gas  (Cl2)  is  added  to  water, 
chlorine  remains  in  the  water  as  molecular  chlorine  (CI2)  for  only  a  very  short  time. 
It  then  combines  with  other  chemicals  as  in  a,b,c  and  d  below: 

a.  The  combination  of  chlorine  and  water  to  form  free  available  chlorine. 
Free  available  chlorine  is  the  name  commonly  applied  to  a  group  of  3  forms  of  chlo¬ 
rine  which  may  be  found  in  water.  These  are  molecular  chlorine  (CI2),  hypochlo- 
rous  acid  (HOC1),  and  hypochlorite  ion  (OCl»). 

When  sodium  hypochlor.te  or  calcium  hypochlorite  are  used  instead  of  chlorine 
gas,  the  hypochlorites  ionize  immediately  to  hypochlorite  ions  and  calcium  or  so¬ 
dium  ions  The  hypochlorite  ion  associates  with  a  free  hydrogen  ion  in  the  wa¬ 

ter  and  distributes  itself  between  HOCI  and  OC1".  Thus  the  end  result  is  the  same 
as  when  chlorine  gas  is  used  except  for  the  presence  of  Na  or  Ca. 


water: 


The  following  equations  show  the  development  of  these  chlorine  compounds  in 
Added 


12  +  H20-5=r*H0Cl  + 

hoci^h'1 


OC1'  (+Na*±NaOCl) 
Added 


Since  reaction  (1)  proceeds  almost  entirely  to  the  right  when  pH  is  above  3  and 
total  chlorine  is  less  than  1000  ppm  (^and  the  chloride  ion  (Cl  )  is  not  a  disinfectant, 
the  free  available  (disinfectant)  chlorine  concentration  -  Jfcoc])*  +  {oCif)  (i.e. 

(ClD  is  ignored)/®*^  ®^These  compounds  are  formed  initially  and  remain  if  there  are 
no  nitrogenous  compounds  present  in  the  water.  If  nitrogenous  compounds  are  present 

*  Square  brackets  (historically  utilized  to  denote  the  concentration  in  gram  molecules 
per  liter  of  the  substance  whose  formula  is  between  them)  are  herein  used  to  denote 
concentration  in  ppm. 
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and  more  than  sufficient  chlorine  ie  added  to  supply  all  the  chlorine  that  the  nitrogenous 
and  other  compounds  will  take  up  (see  2  below),  free  available  chlorine  compounds  will 
be  present.  Of  these  3  forms  of  free  chlorine,  only  HOC1  efficiently  destroys  micro¬ 
organism  s .  OC1"  has  only  about  l/80th  the  bactericidal  efficiency  of  HOC1  (E.  coli  30 
min  at  2-5°C)  ^9)  can  j,e  assumed  to  have  no  virucidal  effect.  The  bacteri¬ 

cidal  efficiency  of  free  available  chlorine  is  determined  by  the  pH  of  the  solution,  the 
contact  time  and  the  temperature.  The  pH  of  the  solution  determines  the  relative 
amounts  of  the  chlorine  which  will  be  in  the  forms  of  HOC1  and  OC1’  (i.  e.  how  far 
equation  2  proceeds).  Figure  1  shows  the  percent  concentration  of  free  available  chlo¬ 
rine  as  HOC1  and  OCl~  as  a  function  of  pH  from  pH  4  to  11  at  temperatures  0°  and  20°C. 


FIGURE  ltt9) 


Detribvtioe  of  hypocbloroui  acid  and  hypochlorite  ion  in  water  a 
Mwat  pH  ralnaa  and  temperature!. 


Obviously  the  critical  portion  of 
this  curve  is  in  the  pH  range  of  6.  5 
to  8.  5  which  is  also  the  range  in  which 
most  water  supplies  fall.  Figure  2 
is  an  enlargement  of  the  critical  por¬ 
tion  of  the  Figure  1  curve.  Table  1 
is  the  actual  data  used  to  plot  Figure  2. 
Therefore  for  field  calculation  either 
Table  1  or  Figure  2  should  be  used  in- 
order  to  obtain  more  accurate  values 
than  available  from  Figure  1. 

On  Table  1  to  obtain  ppm  HOC1, 
multiply  the  percent  found  by  the  ppm 
free  residual  chlorine  at  any  specific 
temperature  and  pH. 

b.  The  combination  of  chlorine  with 
inorganic  reducing  substances.  Fre¬ 
quently  encountered  reducing  substances 
are  ferrous  iron,  manganous  manganese, 
nitrites  and  hydrogen  sulfide.  These 
react  with  chlorine  much  more  rapidly 
than  organic  substances  react  with  chlo¬ 
rine.  The  chlorine  going  into  these 
reactions  loses  its  bactericidal  action 
completely.  Enough  chlorine  must  be 
supplied  to  complete  these  reactions  be¬ 
fore  disinfection-can  be  accomplished. 


C.  The  combination  of  chlorine  with  ammonia  and  amines.  Ammonia  and  amines 
ara  frequently  present  in  natural  waters  and  react  readily  with  hypochlorous  acid  to  form 
monochloramine  (NH-Cl),  dichloxamine  (NHCI2),  or  nitrogen  trichloride  (NCl^).  This  is 
probably  a  step  reaction  as  represented  by  the  following  equations: 


33 


TABLE  1 


Appendix  I,  Page  3 


Percent  of  Free  Residual  Chlorine  that  is  H0C1 


When  Temperature  1st 

When  pH  1st 

3°C 

10°C 

18°C 

23°C 

28°C 

6.4 

94 

93 

92 

91 

89.5 

6.5 

93.5 

92.3 

91 

90 

88.6 

6.6 

92 

90.5 

89 

87.6 

86 

6.7 

90 

88.5 

86.5 

85 

83 

6.8 

87.6 

86 

83.5 

81.6 

79.6 

6.9 

85 

83 

80.3 

78.3 

75.8 

7.0 

82 

79.6 

76.2 

74 

71.5 

7.1 

78.3 

75.8 

72 

69.3 

66.5 

7.2 

74.2 

71 

67 

64.1 

61 

7.3 

70 

66.1 

61.6 

58.8 

55.5 

7.4 

64.5 

60.5 

56 

53 

50 

7.5 

59 

54.8 

50.5 

47.4 

44.2 

7.6 

53 

49 

45 

42 

39 

7.7 

47.5 

43.5 

39.5 

36.4 

33.3 

7.8 

41.9 

37.8 

34 

31.2 

28.2 

7.9 

36 

35.2 

29 

26.5 

23.9 

8.0 

31.2 

27.5 

24.1 

22.2 

19.9 

8.1 

26.5 

23.2 

20.1 

18.5 

16.1 

8.2 

22.5 

19.5 

16.7 

15.3 

13.2 

i  8.3 

18.5 

16 

13.9 

12.5 

11 

8.4 

15.4 

13.3 

11.4 

10.2 

9.1 

8.5 

11.2 

10.8 

9.25 

8.25 

7.35 

nh3 

+ 

HOC1 

- > 

NH2C1 

+ 

Hz° 

nh2ci 

+ 

HOC1 

- >. 

nhci2 

+ 

h2o 

nhci2 

+ 

HOC1 

- > 

NCI  3 

+ 

h2° 

The  NCljis  not  formed  in  significant  amounts  within  the  normal  pH  range  except  with 
HOC1  concentrations  above  breakpoint  dose  ^9).  (See  page  37).  The  disinfecting 
action  of  chlorine  is  greatly  modified  by  its  change  to  chloramine.  In  this  form 
the  chlorine  continues  to  destroy  bacteria  but  has  much  less  effect  on  viruses.  The 
principal  factors  affecting  the  bactericidal  effectiveness  of  the  chloramines  are  (1) 
the  pH  of  the  solution,  (2)  the  temperature  of  the  solution,  and  (3)  the  concentration 
of  chloramines. 


With  an  increase  in  pH,  there  is  a  decrease  in  the  bactericidal  action  of  the 
solution.  This  is  explained  on  the  basis  of  the  relative  amounts  of  dichloramine  and 
monochloramine  in  the  solution.  Dichloramine  (formed  at  lower  pH  values)  is  a  more 
effective  disinfectant.  Also,  the  presence  of  an  excess  of  ammonia  affects  the  forma¬ 
tion  of  the  desirable  dichloramine.  With  a  chlorine  to  ammonia  weight  ratio  of  5:1 
the  following  may  be  expected! 


34 
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PH 

5 

6 

7 

8 
9 


Percent  of  chlorine 
as  dichloramine 

84 

62 

35 

15 

6 


Regarding  temperature  effect,  a  general  rule  is  that  a  reduction  of  20°C.  (from 
about  23°C.  to  about  3°C.  )  necessitates  9  times  as  long  a  period  of  contact  or  2,5 
times  as  much  chloramine  to  produce  a  complete  kill  of  bacteria. 

Chloramines  are  much  less  efficient  bactericidally  than  HOC1.  About  25  times 
as  much  chloramine  as  free  chlorine  is  required  under  similar  conditions  and  100 
times  as  long  a  contact  period  is  required  for  chloramine  if  the  same  amount  of  each 
is  used.  In  a  water  of  a  high  pH,  chloramines  will  produce  very  little  bactericidal 
action  at  low  temperatures. 

More  complex  natural  chloramines  occur  but  these  have  even  less  disinfectivity. 

A  synthetic  complex  chloramine  of  interest  is  Halazone  HOOC^JSC^  NCl^  which  is 
prepared  as  a  4  mgm  tablet,  formerly  used  in  a  1  liter  canteen  to  sterilize  the  water. 

It  acts  principally  by  slowly  releasing  HOCI. 

d.  The  combination  of  chlorine  with  organic  substances  other  than  amines. 

All  natural  surface  waters  and  some  ground  waters  contain  organic  matter.  Chlorine 
reacts  with  oxidizable  organic  material  including  microorganisms.  Many  of  the  ini¬ 
tial  reaction  products  have  objectionable  odors.  When  sufficient  chlorine  iB  present 
the  reactions  go  through  to  completion  and  form  stable  compounds  which  usually  do 
not  contribute  to  taete3  and  odors.  The  amount  of  chlorine  necessary  to  complete 
these  reactions  is  in  direct  proportion  to  the  amount  of  organic  material  present  in 
the  water.  Large  amounts  of  organic  matter  in  water  discolor  water.  Therefore, 
water  with  greater  amounts  of  color  will  usual. y  require  more  chlorine.  Because 
the  chlorine  consumed  by  these  reactions  is  complete’y  lost  insofar  as  its  further  bac¬ 
tericidal  action  i3  concerned,  sufficient  chlorine  must  be  added  to  water  to  stabilize 
the  organic  material  and  leave  a  residual  to  meet  the  other  demands. 

Total  chlorine  residual,  chlorine  residual,  residual  chlorine  or  total  available 
chlorine,  formally  called  'Tree  chlorine"concentration  is  the  concentration  of  free 
available  chlorine  plus  t  concentration  of  chloramines,  plus  the  concentration  of  & 
minor  amount  of  the  oth*  above  reaction  products  (e.  g.  sulfur /sulfide  compounds  ). 
There  are  thousands  of  chlorine  compounds,  each  with  different  dissociation  constants. 
Many  may  be  present  in  chlorinated  water  but  the  above  4  groups  generally  characterize 
them  all.  Total  chlorine  residual  is  the  chlorine  which  can  still  take  part  in  chemical 
reactions,  i.e„  that  chlorine  which  is  not  fixed  by  a  firm  chemical  bond  (e.g.  with 
organic  material).  Practically,  under  present  field  conditions,  the  total  chlorine  resi¬ 
dual  is  the  chlorine  which  ia  in  a  state  to  react  within  5  minutes  with  orthotolidine  to 
produce  a  yellow  color.  (See  para  3a) 
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[Total  chlorine’ 
residual 


inej  =  Ji 


=  Free  available  chlorin 


in^  + 


Combined  available  residual  j 
chlorine 


Since  the  combined  available  residual  chlorine  is  usually  in  the  form  of  NH2CI  and 
NHCI2.  some  authors  define  combined  available  residual  chlorine  as  the  sum  of  only 
these  two  'fe8>. 


jchlorine  demandjg  jchlorine  dose^  -  ^Total  chlorine  residualj  (49)  thus, 


(Chlorine  dose 


chlorine 


'] *  Lc 


ombined  nonavailable  +  (Combined  available)  +  (Free  available 


chlorine 


lable"]  +  IF] 
ine  J  \_ 


chlorine 


2.  BREAKPOINT  CHLORINATION.  Much  of  the  above  confusing  terminology  has 
developed  due  to  the  former  inability  to  measure  (or  lack  of  realization  of  the  importance 
of)  the  bactericidal  free  available  chlorine  and  its  two  components.  Total  chlorine  resi¬ 
dual  could  be  measured,  however,  and  the  following  could  be  performed:  Fill  ten  500cc 
jars  with  water,  then  add  one  drop  of  1%  chlorine  solution  to  jar  no.  1  (dose=1.0  ppm), 
two  to  jar  no.  2  etc. .  Stir  and  allow  to  stand  30  minutes.  Test  all  jars  for  total  chlorine 
residual  (See  3a  below).  In  general,  the  total  chlorine  residual  is  higher  in  the  higher 
numbered  jars.  However,  one  or  several  consecutive  jars  will  show  a  lower  total  chlo¬ 
rine  residual  than  the  lower  numbered  jars.  The  "breakpoint"  dose  is  the  ppm  chlorine 
originally  added  to  the  lowest  number  jar  beyond  this  fall.  This  is  the  first  jar  with  a 
free  available  chlorine  content. 


FISURE  3  TYPICAL  CURVE  FORMED  BY  PLOT  OF 
OBSERVATIONS  FROM  BREAKPOINT 
TEST  ON  FAIRLY  "POLLUTED*  WATER 


Breakpoint 

Dom 
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Breakpoint  chlorination  of  water  supplies  requires  the  addition  of  a  sufficient 
quantity  of  chlorine  to  meet  all  the  demands  of  the  water  (stabilize  organic  and  in¬ 
organic  substances)  and  still  leave  a  residual  of  free  available  chlorine.  Break¬ 
point  chlorination  controls  both  the  amount  of  the  total  residual  chlorine  and  more 
important,  the  nature  or  form  of  that  chlorine.  The  older  processes  of  adjusting 
dosage  to  achieve  a  certain  total  residual  chlorine  concentration  controlled  only 
the  amount  of  the  total  residual  chlorine. 

Compared  to  the  older  method  of  chlorination  only  to  a  certain  total  residual 
chlorine,  the  advantages  of  chlorinating  to  the  breakpoint  dose  to  assure  (he  pore  sene  e 
of  free  available  chlorine  are:  (1)  a  quick  and  reliable  killing  of  bacteria;  (2)  reduc¬ 
tion  in  tastes  and  odors  resulting  from  organic  materials  present  in  the  water;  (3) 
bleaching  of  color  in  the  water;  and  (4)  prevention  of  biologic  growths  in  the  filter 
plant  and  distrioution  system.  Chlorine  consumption  will  of  course  be  higher.  Some 
water  may  require  less  than  1  ppm  chlorine  dose  to  produce  free  available  chlorine; 
other  water  may  require  from  15  to  over  100  ppm. 

3.  TESTING  FOR  RESIDUAL  CHLORINE 


a.  The  standard  orthotolidine  test  (OT),  for  total  chlorine  residual  is  iztfule 
by  adding  an  acid  orthotolidine  dihydrochloride  solution  to  water,  waiting  5  minutes 
and  comparing  the  developed  color  with  standards  of  0. 1,  0.2,  0.3,  0.4,  0.5,  0.6, 

0.  8,  1.0  and  1.  5  ppm.  The  accuracy  may  be  affected  by  the  presence  of  certain  in¬ 
terfering  oxidizing  agents.  The  effect  of  these  interfering  substances  is  to  develop 
additional  color  above  that  resulting  from  the  chlorine. 


b.  The  orthotolidine  flash  test  may  be  used  to  obtain  a  qualitative  determina¬ 
tion  of  the  presence  of  free  available  chlorine.  Free  available  chlorine  reacts  almost 
instantly  with  orthotolidine,  but  chloramines  react  relatively  slowly.  This  difference 
is  especially  noticeable  at  temperatures  below  60°F.  The  reading  obtained  about  5 
seconds  after  the  addition  of  orthotolidine  will  approximate  the  amount  of  free  avail¬ 
able  chlorine  in  the  water  and  the  reading  taken  after  5  minutes  will  give  the  total 
residual  chlorine  in  the  water.  The  difference  between  these  readings  will  be  the 
amount  of  combined  available  residual  chlorine  in  the  water. 

c.  The  orthotolidine -arsenite  test  (OTA)  is  really  three  tests;  (1)  a  standard 
OT  test,  (2)  an  OT  flash  test  but  modified  by  the  addition  of  sodium  arsenite  to  stop 
the  reaction  after  5  seconds,  £nd  (3)  a  test  for  interfering  ions.  The  OTA  test  thus 
measures  the  concentration  of  free  available  chlorine  and  combined  available  chlorine; 
it  also  corrects  some  of  the  false  color  reactions  due  to  interfering  substances  in  the 
water.  It  is  at  present  the  only  fully  tried  accurate  and  dependable  field  test  and  is 
the  test  of  choice  if  free  available  chlorine  is  to  be  measured,  or  if  it  is  suspected  that 
interfering  substances  are  present.  A  modification  of  this  test,  described  by  CDC, 
consists  of  deleting  the  first  (OT)  part  of  the  test. 


d.  The  above  described  field  tests  sometimes  do  not  give  completely  accurate 
quantitative  results  in  the  presence  of  large  amounts  of  interfering  substances  or  at 
high  temperature.  For  example,  the  OTA  test  gives  low  readings  for  total^bhlorine 

residual 


but,  with  chlorine  dosages  below  the  breakpoint,  the  OTA  test  may  indicate  up  to 
0.2  ppm  free  chlorine  residual  when  actually  none  is  present  (®^).  Interference 
may  occur  from  organic  color  and  nitrite  oxidants  other  than  chlorihe,  notably 
iron  (III)  and  manganese  (III)  and  (IV).  Recently  new  field  procedures  have  been 
studied  and  an  attempt  has  been  made  to  develop  better  techniques  to  obtain  free 
available  chlorine  concentrations  in  water.  Some  of  these  procedures  utilize  methyl  i  .. 
orange  (83),  diethyl-p-phenylene  diamine  '  ,  and  an  anionic  surface  active  stabi¬ 

liser  added  to  neutral  orthotolidine.  Until  further  evidence  is  released^the  OTA  test 
can  usually,  be  relied  on  in  the  European/ Middle  East  Area. 

4.  TESTING  FOR  pH .  The  test  for  pH  is  usually  performed  in  the  field  by  adding 
bromthymol  blue  (which  measures  pH  over  a  range  of  6.  0  to  7.  6)  or  phenol  red 
(which  measures  pH  over  a  range  of  6.  8  to  8.4)  to  water,  shaking  gently  to  obtain 
even  mixing  and  a  uniform  color,  and  then  comparing  the  developed  color  with 
standards  of  pH  6. 0,  6.2,  6.4,  6.6,  6.8,  7.0,  7.2,  7.4,  7.6,  7.8,  8.0,  8.2,  and  8.4. 

5.  THE  ACTION  OF  CHLORINE  ON  BACTERIAL  CELLS.  It  is  reasoned  that  because 
chlorine  is  effective  at  high  dilution,  it  must  inhibit  some  key  enzymatic  process  within 
the  cell.  Iodine  seems  to  act  on  some  other  essential  enzyme  which  may  explain  its 
greater  cysticidal  power.  When  enzymes  are  removed  from  cells,  the  cells  are 
susceptible  to  destruction  by  a  number  of  other  oxidizing  agents,  including  hydrogen 
peroxide  and  potassium  permanganate,  which  are  known  to  be  inferior  disinfectants. 
This  indicates  that  the  cell  walls  are  important  in  preventing  entrance  of  these  disi- 
infect  ant  s  into  the  cells.  The  rate  of  action  of  these  agents  is  in  direct  proportion  to 
their  rate  of  penetration  through  cell  walls.  HOC1  is  a  superior  disinfectant,  not 
merely  because)  of  its  strong  oxidizing  power,  but  because'  its  small  molecular  size 
and  neutral  electrical  charge  enable  it  to  penetrate  cell  walls  quickly. 

6.  CONTACT  TIME  AND  CONCENTRATION 

The  rate  at  which  microorganisms  in  water  are  killed  by  chlorine  depends  on  the 
chemical  form  of  chlorine  present,  the  pH  and  the  temperature  as  we  have  seen,  and 
also  on: 

a.  The  length  of-  contact  time.  When  all  other  factors  are  held  constant  this 
may  or  not  be  a  straight  line  function  (88).  it  will  be  assumed  to  be  straight  line  here. 

b.  Concentration  of  disinfectant.  In  all  cases,  the  greater  the  concentration 
the  more  quickly  organisms  are  killed  but,  "how  much  more  quickly,"  varies. 

The  contact  time  needed  to  kill  any  one  percentage  of  any  one  species  of  micro¬ 
organism  for  any  one  form  (or  set  combination  of  forms)  of  disinfectant  at  constant 
pH  and  temperature  can  be  expressed  by  an  empirical  equation 

(Concentration  of  disinfectant)11  (Time  required  to  kill  certain  %)  »  K 

cnt=K 

where  K  is  a  constant  for  all  times  and  concentrations,  and  the  exponent  n  is  called 
the  coefficient  of  dilution.  It  varies  around  one,  and  when  unknown,  may  be  assumed 
to  be  approximately  one.  Figure  4  is  a  plot  of  positive  values  of  this  equation  for  3 
values  of  n.  Each  curve  approaches  the  two  axes  asymptotically.  The  curve  n=L  is 
a  rectangular  equilateral  hyperbola. 


MINIMUM  DISINFECTANT  CONTACT  TIME  REQUIRED  FOR 
SIVEN  PERCENTAGE  OF  KILL  OF  ONE  SPECIES 


The  value  of  K  for  use  on  the  Figure  4  graph  is  given  as  follows: 


(table  2 

K 

io/k 

killing 

power 

n 

equals 

992  Kill  of 

in 

at  pH 

and 

temperature 
in  decrees  C 

is  achieved 
by  1  ppm  in 

1.  E.  coli 

n hoci~ 

7.0 

2-5 

0.2  min 

mm 

2.  E.  coli 

la 

7 

0—6 

1.0  min 

MB 

3.  Coxsackie  A2 

HOCl 

- 

0-6 

5.0  min 

BOB 

l.  E.  coli 

,  0C1" 

10.0 

.  2-5  . 

16.5  min 

0.6 

Buvfl 

T.  E.  coli 

NH,C1 

high 

0-6 

60.0  min 

0.17 

TT.  Coxsackie  A9 

15 

fggljSnjEiQI 

7.  Coxsackie  A9 

if 

Hi 

5 

■  ■ 

Hi 

*  Chloramines  at 

pH  7-9.5,  2-5° 

C  here  n«1.3 

i 

CONTACT  TIME  (t)  VS  CONCENTRATION^) 
for  KILLING  MICROORGANISMS  with 
DISINFECTANT  Cnt  =  K 


Any  increase  in  concentration 
(c),  decreases  the  time  needed 
to  kill.  The  rate  of  decrease, 
however,  is  different  for  dif¬ 
ferent  conditions  (e.g.  differ¬ 
ent  disinfectants),  n  expresses 
'i  *.<  variance. 

The  reciprocal  of  the  con¬ 
stant,  K,  can  be  thought  of  as 
the  killing  power  for  the  given 
set  of  circumstances.  For 
ease  10/K  is  used  in'  Table  Z. 

If  we  have  a  1.  5  ppm  free  resid 
ual  chlorine  solution  at  Z8°C 
and  pH  8,  0  (i.  e.  20%  HOC1  and 
80%  OC1”  from  Figure  Z),  the 
total  killing  power  might  be 
expressed  as: 

50(.ZxL5)  +  0.6  (.8  xl.5) 

15  +  0.7=  15.7 

The  killing  power  provided  by 
the  1.  3  ppm  OCl~  is  seen  to  be 
negligible  (1.  e.  0.  7V  Mono- 
chloramine  is  even  less  help. 

In  Figure  4  we  see  that  if  n=l.  5 
the  0.  3  ppm  HOC1  alone  would 
take  about  1  minute  to  kill  99% 
of  the_E.  coli. 

The  curves  in  Figure  4, 
plot  as  a  straight  line  on  loga¬ 
rithmic  graph  paper;  the  slope 
of  the  line  being  -1/n. 
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7.  MICROORGANISM  LOAD 

The  equation  cnt=K,  deals  with  a  projection  into  future  time  from  an  instanta¬ 
neous  moment  of  measuremen  Its  prediction  of  time-of-99%-kill,  for  example, 
is  true  only  if  c  does  not  change  during  this  time.  If  no  disinfectant  is  added,  c  will 
decrease  during  the  killing  time.  The  killing  process  binds  chlorine  and  thus  re¬ 
moves  it  from  the  free  residual  concentration. 

Even  in  a  solution  of  only  free  available  chlorine  and  organisms,  the  rate  and 
extent  of  free  available  chlorine  decrease  depends  on  how  many  organisms  there  are 
to  be  killed.  This  means  that  when  trying  to  cut  chlorine  costs  and  increase  taste 
acceptability  by  using  the  minimum  safe  amount  of  chlorine  one  must: 

(1)  calculate  the  minimum  values  for  c  and  t  that  will  perform  the  killing 
job  one  wants. 

(2)  maintain  at  least  that  minimum  value  of  c  until  time  (t)  has  transpired 
or  until  the  water  stabilises  and  no  further  decrease  in  c  is  experienced,  whichever 
is  longer.  This  is  essential  even  though  the  concentration  remaining  after  stabili¬ 
zation  and  time  (t)  is  in  a  sense  wasted.  There  is  nothing  more  for  it  to  kill.  It 
does  provide  some  protection  against  maldesign  and  mismanagement  (e.  g.  cross- 
connections  or  other  sources  of  chlorine  demand  in  the  system). 
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APPENDIX  II 


RESPONSIBILITIES  OF  THE  USAF  MEDICAL 
SERVICE  IN  WATER  SUPPLY  SANITATION 
(See  also  reference  89) 

The  USAF  Medical  Service  is  charged  with  the  responsibility  of  exercising 
sanitary  supervision  over  water  supplies  from  source  to  consumer  and  making 
such  recommendations  as  may  be  necessary  to  protect  the  health  of  troops.  Many 
Military  Public  Health  (MPH)  sections  feel  this  responsibility  is  fulfilled  by  per¬ 
forming  routine  bacteriological  analyses  and  free  available  chlorine  residuals  of 
the  chlorinated  water  in  the  distribution  system.  All  of  the  following  should  be 
objectives  especially  where  infectious  hepatitis  rates  are  high  and  chlorination  is 
the  only  method  of  treatment. 

1.  "Routine  inspection  of  the  entire  water  supply  system  from  a  sanitary 
point  of  view".  *  The  water  source,  treatment^  storage  and  distribution  system  of 
the  base  should  be  studied.  This  includes  knowing  the  location  of  all  water  sources 
and  the  surrounding  environment.  By  knowing  this,  potential  sources  of  contamina¬ 
tion  may  be  identified.  If  ground  water  is  used  as  the  water  source,  the  soil  strata 
should  be  known  since,  for  example,  strata  such  as  limestone  with  fissures  may 
carry  contaminated  waters  to  the  water  source.  Construction  of  wells  should  be 
studied  for  any  sanitary  discrepancies  that  may  exist.  When  water  is  chlorinated, 
storage  and  contact  time  are  important.  Calculate  the  actual  minimum  contact 
time  (Appendix  III).  All  water  distribution  lines  should  be  studied  to  eliminate 
cross-connections  that  may  exist,  since  this  is  an  obvious  and  proven  source  of 
contamination.  Do  actual  on-site  operators  understand  chlorination  requirements 
and  significance  of  any  cross-connections?  Review  operator  records.  Is  adequate 
super  chlorination  always  performed  when  required? 

2.  "Recommendations  to  the  individuals  or  services  concerned  regarding 
the  correction  of  sanitary  delects  or  health  hazards  that  may  be  found".  Close 
liaison  with  Civil  Engineering  and  civilian  contractor  personnel  should  be  main¬ 
tained.  Bactericidal  and  virucidal  effects  of  chlorine  in  water  should  be  explained 
to  them  and  the  importance  of  constant  and  reliable  chlorination  emphasized. 
Military  Public  Health  sections  and  Civil  Engineering  personnel  should  work  to¬ 
gether  in  eliminating  cross-connections.  Initial  construction  plans  of  wells,  pump 
houses  and  distribution  lines  should  be  reviewed  by  the  MPH  section  before  con¬ 
struction.  MPH  personnel  should  emphasize  the  need  for  superchlorinatioh  of 
water  in  mains,  wells,  storage  tanks  and  other  units  since  these  units  may  become 
contaminated  during  construction  and  repair. 

3.  "Collection  of  water  samples".  A  minimum  of  eight  samples  p*  month 
should  be  taken  from  the  distribution  system  for  bacteriological  analysis  regard¬ 
less  of  the  population  strength  of  the  installation, or  one  sample  per  1,000  persons 

*  All  quotes  are  from  Air  Force  Manual  160-4,  Sanitary  Control  of  Water  Supplies 
for  Fixed  Installations  dated  17  December  1957^®).. 
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per  month  on  all  military  installations  with  strengths  in  excess  of  8,  000.  A 
diagram  of  the  distribution  system  should  be  on  hand  as  a  guide  in  determining 
sampling  points.  Additional  water  samples  for  bacteriological  analysis  should 
be  taken  from  the  raw  water  sources,  water  lines  to  the  treatment  plant 
and  storage  tanks  to  gain  additional  information  and  assist  in  the  interpretation 
of  results. 

4.  "Interpretation  of  the  results  of  analysis  of  the  water  samples". 
References  AFM  160-4  and  USPHS  Drinking  Water  Standards  ^^^should  be  used 
to  interpret  physical,  chemical  and  bacteriological  test  results  of  water  samples. 

5.  "Conduct  routine  chlorine  residual  tests".  When  monthly  bacteriologi¬ 
cal  samples  are  collected,  free  available  chlorine  residual  and  pH  and  water 
temperature  determinations  should  be  performed  and  H0C1  concentration  calcu¬ 
lated.  Where  chlorination  is  the  only  method  of  treatment,  free  available  chlorine 
residuals  should  be  taken  in  the  distribution  system  daily.  In  a  high  infectious 
hepatitis  incidence  area,  if  less  than  1.5  ppm  free  residual  chlorine  is  maintained 
or  if  water  pH  is  ever  dyer'  8,  then  at  least  daily  pH  and  water  temperature  deter¬ 
minations  should  be  performed  and  HOCl  concentration  calculated  from  Figure  2, 
Appendix  I. 
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APPENDIX  III 

DETERMINATION  OF  CHLORINE  CONTACT  TIME 
IN  WATER  TANKS<12) 

The  chlorine  contact  time  in  water  in  storage  tanks  can  be  determined,  as 
follows  when  chlorine  is  added  to  the  water  just  before  it  enters  the  top  of  the  tank 
and  the  tank  outflow  is  at  the  bottom  of  the  tank: 

At  least  30  minutes  contact  time  is  recommended  for  adequate  disinfec¬ 
tion  of  water.  If  peak  consumption  rates,  storage  tank  capacity  and  tank  draw¬ 
down  are  known,  the  following  example  can  be  used  to  estimate  contact  time. 
Assume  that  a  60,  000  gallon  storage  tank  is  filled  from  the  top  and  drawn  ferom 
the  bottom,  and  that  extensive  mixing  does  not  occur  in  the  tank.  If  the  tank  is 
constantly  full,  a  30  minutes  contact  time  can  only  be  assumed  if  the  output  rate 
is  60,  000  gallons  per  30  minutes  (120,  000  gallons  per  hour)  or  less.  If  the  tank 
becomes  half  empty  during  peak  flow  periods  (either  because  the  input  pumps 
do  not  kick  on  till  then  or  because  the  input  flow  rate  is  too  low  to  prevent  this 
draw  down),  then  a  30  minute  contact  time  can  only  be  assumed  if  the  output  rate 
is  30,  000  gallons  per  30  minutes  (60,  000  gallons  per  hour)  or  less. 


This  line  represents 
30  minute  contact  time 
-providing  there  is  no 
forceful  input  and/or 
mixing. 


Thousands  of  Gallons  per  30  Minutes 
FIGURE  I 


If  the  tank  is  appreciably  drawn  down,  the  splash  and  injection  velocity  may 
cause  the  input  water  to  mix  with  the  outgoing  water  and  move  the  safe/unsafe 
boundary  curve  to  the  left  toward  the  approximated  dashed  line  above. 

An  actual  example  estimating  contact  time  at  an  Air  Force  station  using  the 
above  figure  is  given  below: 
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Water  is  pumped  into  the  top  of  the  elevated  60,  000  gallon  storage  tank  at  a 
maximum  rate  of  48,000  gallons  per  hour.  The  filling  pumps  automatically  kick 
on  when  the  water  level  in  the  elevated  tank|  is  drawn  down  one -ninth  of  the  way, 

1.  e. ,  when  approximately  6,  600  gallons  have  been  drawn  out.  Water  flows  by 
gravity  from  the  bottom  of  the  elevated  storage  tank  to  the  plant  at  a  maximum 
flow  rate,  recorded  in  the  past  six  months,  of  24,000  gallons  per  hour.  From 
the  plant  it  flows  usually  by  gravity  to  the  distribution  system.  At  this  flow  rate 
there  is  over  one  hour  contact  time  for  disinfection  in  elevated  tank.  At  twice  this 
flow  rate  (48,000  gallons  per  hour)  there  is  at  least  a  half-hour  chlorine  contact 
time,  excluding  splash  and  injection  velocity. 

As  a  further  example  at  24,  000  gallons  per  hour  tank  output  flow  rate,  if  the 
tank  is  allowed  to  become  1/2  empty,  chlorine  contact  time  will  fall  (Point  A  on 
Figure  1)  into  the  questionable  area  i.  e.  if  there  is  much  splash  from  the  input, 
contact  time  may  be  less  than  30  minutes. 
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APPENDIX  IV 


CALCULATION  OF  CHLORINE  DOSE  AND  COST 

One  hundred  pounds  of  calcium  hypochlorite  Ca  (OCl)^  containing  70%  avai¬ 
lable  chlorine  (federal  stock  number  6810-255-0472)  costs  $18.80  and  will  chlori¬ 
nate  8.4  million  gallons  of  water  to,  for  example,  1  ppm  or  4.2  million  gallons 
to  2  ppm  if  the  water  has  no  chlorine  demand.  This  is  shown  using  the  following 
formula:  , 

/pounds  of  calcium  \Aq  000 available  chlorin< 
Number  of  gallons  of  _yyypo chlorite  requirecy  V  /\in  hypochlorite  , 
water  to  be  treated  (ppm  desired)  (8.  34) 


_  ( 1 0 0) ( 1 0 ,  000)(70) 
(1)  (8.34) 


=  8,400,000  gallons 

For  example,  at  Ci$li  Air  Base,  Turkey,  where  chlorination  of  water  to  1.5 
ppm  free  available  chlorine  is  the  only  method  of  treatment,  records  were  review¬ 
ed  to  obtain  the  average  monthly  amount  of  water  used  and  calcium  hypochlorite 
required.  An  average  of  20  million  gallons  of  water  was  used  and  400  pounds  of 
calcium  hypochlorite  was  required  per  month.  This  amount  of  calcium  hypochlo¬ 
rite  is  slightly  more  than  that  calculated  by  the  above  formula  because  the  calcu¬ 
lation  does  not  take  into  consideration  the  chlorine  demand  of  the  water,  loss  of 
chlorine  residual  in  the  distribution  system  and  other  losses.  The  cost  of  calcium 
hypochlorite  required  to  chlorinate  the  water  at  Cigli  Air  Base  is  approximately 
$  75  per  month. 
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\2  SPONSORING  MILI  TARV  ACTIVITY 


13  AOSTRAC  T 

Military  age  pe rsonnel,who  were  reared  on  water  and  food  which  were  rigidly 
separated  from  human  fecal  contamination  and/or  which  were  extensively  processed 
to  kill  all  pathogenic  organism, s,  are  susceptible  to  a  long  period  of  non-effectiveness 
due  to  hepatitis  infection.  This  troop  non-effectiveness  can  only  be  prevented  by 
continuation  of  such  separation  and/or  such  processing  of  "oral  consumables". 
This  may  be  expensive  in  some  countries. 

Close  monitoring;  securing  a  bacterial  free  water  source;  plus  chlorination  of 
the  water  to  0.4  ppm  HOC1  at  the  treatment  site  after  30  minutes  contact  time  appear 
to  be  an  inexpensive  but  usually  adequate  method  for  the  temporary  processing  of 
water  to  prevent  spreading  of  hepatitis  by  the  water  route.  If  the  source  water  or 
the  distribution  system  is  bacterially  contaminated,  other  measures  are  necessary. 
These  are  reviewed. 


This  chlorine  level  is  acceptable  to  most  consumers  for  most  purposes  if  phenols 
or  other  taste/odor  threshold  lowering  agents  are  not  present.  When  a  significant 
percentage  of  troops  are  likely  to  drink  unauthorized  water,  measures  should  be 
taken  to  reduce  this  percentage.  Causes  for  troops  consuming  unauthorized  water 
are  reviewed. 
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